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Planting trees on poor quality cropland may yield some benefits for increasing soil organic carbon. Test plots
in four parts of Iowa were examined to determine the level of benefits possible to achieve.
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Q Would converting highly erodible, low productivity crop-land to forestry practices increase soil organic matter con-
tent in the surface layers and lead to improved soil quality and 
related ecosystem assets of these lands?
A At four contrasting locations across the state, planting trees did result in a relatively rapid and sustained increase in sur-
face soil organic matter content.  This result suggests that con-
version of marginal agricultural lands to forestry practices will 
improve soil quality and has potential to enhance related ecosystem assets associated 
with water quality and availability, nutrient cycling and carbon storage.  
Background
Forest ecosystems offer great potential to improve soil quality of degraded or 
marginal cropland by reducing soil disturbance and by providing permanent ground 
cover. The potential of perennial vegetation to increase soil organic matter content 
in the surface layer is of great interest because organic matter is a critical soil quality 
factor through its role in carbon (C) and nutrient cycling, enhancing soil fauna and 
improving infiltration and water-holding capacity. 
In this project, investigators identified the spatial distribution of marginally 
productive cropland in Iowa and the areas where this land has transitioned from row 
crop production to a forestry practice.  The marginally productive farmland could be 
fields that have 
• low native productivity, 
• low productivity due to erosion or other degradation, or 
• are too small, steep or dissected to use modern farm equipment.
The objective of the project was to determine whether planting trees on low 
productivity and/or eroded cropland, either in an agroforestry system as afforestation 
or reforestation, has a significant benefit for increasing soil organic carbon (SOC).
Approach and methods
A statewide GIS survey was completed to identify the extent and distribution of 
vulnerable, low-productivity soils that had formed under forest vegetation. The 
Iowa Soil Properties and Interpretations Database (ISPAID) was used to identify 
soils formed under forest, having a corn suitability rating (CSR) less than the county 
average and designated as highly erodible (HEL). Of the 35.8 million acres of land in 
Iowa, 2.6 million or 7.2 percent of the state land area was identified as marginal 
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using these criteria, Figure 1. Using the 2004 National Agricultural Statistics Service 
(NASS) data, 64 percent of this marginal land was still under agricultural land use 
(row crops, small grains, and pasture). 
Based on the GIS analysis, four sampling locations were selected to provide a range 
of soils and land use history. Locations were in Allamakee, Clayton, Jefferson and 
Sac counties. At each location, soil samples were collected within the same soil map 
unit. The parts of the map unit that were forested and cultivated were delineated and 
then divided into 50 sampling polygons, of which five were randomly selected for 
testing  Five soil samples were taken by hand in each of the five polygons for a total 
of 25 samples for each land use. Each core was sectioned and analyzed for total (TC), 
organic (SOC) and inorganic carbon (SIC), total nitrogen (TN) and pH. 
Figure 1 Marginal lands in Iowa
Results and discussion
The most significant findings of the study are:
• The surface 12” layer of forested soils had, on average, 23.7±14.7 percent greater 
SOC than the corresponding cropped soils.  
• Low SOC concentrations and the very low ratios of C to N (TC to TN), especially 
in deeper layers of soils formed under native forest vegetation, indicate that 
significant loss of topsoil had likely occurred at the Allamakee and Clayton sites
• Assuming that the SOC in cropped soils had not changed significantly since 
trees were planted, estimates of SOC increase with time under the trees ranged 
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from 222 to 513 lbs A-1 yr-1, which are comparable to literature 
estimates for conversion from conventional to NT (no-till) 
cropping.
• Additional research is needed to verify the high rate of 
SOC accumulation estimated for the NT field at the Sac location, 
to quantify C accumulation in the above- and below-ground 
biomass in forests in Iowa, and to characterize ecosystem services 
associated with the observed increases in SOC.
Conclusions
At four contrasting Iowa locations, planting trees resulted in a 
relatively rapid and sustained upsurge in surface soil organic matter con-
tent. This result suggests that conversion of marginal agricultural lands to 
forestry practices likely will improve general soil quality and has potential 
to enhance related ecosystem assets associated with water quality and avail-
ability, nutrient cycling, and carbon storage. Characterizing these ecosys-
tem benefits is valuable, as forest restoration currently is viewed as having 
great potential for positive impacts on energy conservation and diversifi-
cation. Converting highly erodible, low productivity cropland to forestry 
or agroforestry practices has great potential to reduce energy inputs and 
increase net ecosystem productivity.
Forest restoration or afforestation practices also have additional potential as 
bioenergy sources, either through cellulosic fermentation for liquid fuels or 
as combustion materials for generating electricity. Short-rotation softwood 
species already are being utilized for bioenergy in other states.
Quantifying the impact of forest restoration on soil properties is critical 
information for policy makers and agency personnel in conducting a com-
prehensive environmental assessment of these practices. Further research 
on the benefits of increased SOC on ecosystem assets is needed to delin-
eate the full impact of such land use changes on soil, water and biological 
resources.
Impact of results
Findings from this study support the Ecology Initiative mission of develop-
ing more ecologically-friendly production systems. Forestry or agroforestry 
practices on marginal cropland represent productive conservation practices 
because they diversify the economic base of rural areas, generate annual 
income, and have positive effects on soil, water and air quality. Relation-
ships developed during this study established stronger partnerships between 
the traditional agricultural and forest communities that will foster better 
support for landowners interested in pursuing new ways to use marginal 
cropland.
Sac County site showing the 
trees and no-till crop field 
that were sampled there. 
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Education and outreach
Journal articles are being written and a presentation of the results 
will be made at a meeting of the American Society of Agronomy 
or the Ecological Society of America. Informal reports on the 
project have been shared with the Iowa Department of Natural 
Resources (IDNR) forestry supervisor, Natural Resources Conser-
vation Services  (NRCS) state soil scientist, and NRCS forester. 
Local groups in three of the sampling locations (Sac County 
Conservation Board, Jefferson County Conservation Board, and 
Northeast Iowa Forestry Advisory Committee) and the IDNR For-
estry Bureau heard presentations on the project by Thomas Sauer. 
Identification of the sampling locations involved close cooperation with two 
IDNR foresters, a NRCS district conservationist, the Director of the Sac 
County Conservation Board, and several private landowners.  
Leveraged funds  
No additional funds were leveraged to supplement this funding.
For more information, 
contact:
Thomas J. Sauer, 
USDA-ARS National 
Soil Tilth Laboratory, 
Ames, Iowa  50011; 
(515) 294-3416, e-mail 
tom.sauer@ars.usda.
gov
Sac County site showing the 
trees and no-till crop field 
that were sampled there. 
